Multiscale simulation of transport in disordered and porous media requires microstructures covering several decades in length scale. X-ray and synchrotron computed tomography are presently unable to resolve more than one decade of geometric detail. Recent advances in pore scale modeling (Phys.Rev.E 80, (2009), 041301) provide strongly correlated microsctructures with several decades in microstructural detail. A carefully calibrated microstructure model for Fontainebleau sandstone has been discretized into a suite of three dimensional microstructures with resolutions from roughly 128 micrometer down to roughly 500 nanometer. At the highest resolution the three dimensional image consists of 32768 3 = 35 184 372 088 832 discrete cubic volume elements with gray values between 0 and 216. This synthetic image is the largest computed tomogram of a porous medium available at present.
[398.1.1.1] Accurate prediction and understanding of material parameters for disordered systems such as rocks [1] , soils [2] , papers [3] , clays [4] , ceramics [5] , composites [6] , microemulsions [7] or complex fluids require geometrical microstructures as a starting point as emphasized by Landauer [8] and numerous authors [9, 10, 11, 12] .
[398.1.1.2] Digital three dimensional images of unprecedented size and accuracy have been prepared for the case of Fontainebleau sandstone, and are being made available to the scientific community in this brief report.
[398.1.2.1] Multiscale modelling of disordered media has recently become a research focus in mathematics and physics of complex materials and porous media [13, 14, 15, 16, 17, 18] . [398. 1.2.2] Accurate prediction of physical observables for multiscale heterogeneous media is a perennial problem [9, 8] . [398. 1.2.3] It requires knowledge of the three dimensional disordered microstructure [11] . [398. 1.2.4] Our objective in this brief report is to provide to the scientific public a sequence of fully three dimensional digital images with a realistic strongly correlated microstructure typical for sandstone. [398. 1.2.5] Resolutions from a = 117.18 µm to 0.4576 µm are available for download [19] . [398.1.2.6] Experimental computed microtomographic images of comparable size, resolution or data quality are, to the best of our knowledge, not available at present. [398. 1.2.7] More importantly, experimental images of similar size and quality are not expected to become available to the scientific community in the near future.
[398. 1.3.1] Despite the impressive progress in fully three dimensional high resolution X-ray and synchrotron computed tomography of porous media in recent years [20, 21] acquisition times for 1500 radiograms needed for a 1024× 1024 × 1024-sample of average quality at the ID19 beamline of the European Synchrostron Radiation Facility are on the order of 30 minutes [22] . [398. 1.3.2] Extrapolating to the number of 32768 such blocks, that we provide in this report, would thus require on the order of 16384 hours or roughly 2 years of uninterrupted beamtime. [398. 1. 3.3] It is unlikely that this amount of beamtime will ever be spent.
[398.1.4.1] The continuum multiscale modeling technology for carbonates developed in [23, 24, 25] was applied to Fontainebleau sandstone in [26] [26] for more modeling details).
[398.2.0.5] The model was geometrically calibrated against a well studied experimental microtomogram at 7.5 µm resolution [27] .
[398.2.0.6] The geometric calibration was based on matching porosity, specific surface, integrated mean curvature, Gaussian curvature, correlation function, local porosity distributions (with 240 µm and 480 µm measurement cell size), and local percolation probabilities at the same measurement cell sizes.
[398. 2.0.7] Comparison of these quantities at a = 7.5 µm was carried out in [26] .
[398.2.1.1] The continuum sample generated and characterized in [26] is the starting point for the work reported here.
[ volume elements).
[399.1.0.1] The gray value g i (a) ∈ N equals the number of collocation points inside voxel V i , that fall into the matrix region M [26] . The gray values approximate the integral
which is the porosity inside the voxel V i at resolution a.
[399.
[399.1.1.1] At the lowest resolution a = 128a 0 = 117.18 µm the sample consists of N = 128×128×128 = 2 097 152 discrete volume elements (voxels), and it can easily be stored in a single file. [399.1.1.2] At higher resolution this becomes technically inconvenient, and we have limited the file size to blocks with 1024 × 1024 × 1024 = 1 073 741 824 voxels corresponding to roughly 1 Gigabyte.
[399.1.
1.3]
The highest resolution at which the sample is still stored in a single file is a = 16a 0 = 14.65 µm . Because the underlying continuum microstructure is available with floating point precision, the resolution can be changed over many decades.
[399. 1.3.3] Resolution dependent geometrical or physical properties can be compared with, or extrapolated to, the continuum result. [399. 1.3.4] This is illustrated with the porosity φ (volume fraction of pore space) and specific internal surface S (surface area per unit volume). 
is the number of voxels with grey value g at resolution a, and
is an estimate for the porosity based on a segmentation of its discretization at resolution a with segmentation threshold g th . [399.2.0.4] The porosity φ = lim a→0 φ(g th , a) of the continuum model at infinite resolution is expected to obey
for all g th and all a. does not intersect the voxel region, although it will be true for the majority of voxels in the limit a → 0.
[399.2.1.1] Figure 1 shows the porosity φ(g th , a) as a function of the segmentation threshold g th for resolutions a = 8a 0 , 4a 0 , 2a 0 , a 0 , a 0 /2. 
where i ∈ {0, 215} and the slopes k i (c) and intercepts ϕ i (c) are determined such that
for a = c and a = c/2. [29] . Figure 3 shows the mean values plotted against the differences
as data points. where the uncertainty is from the residues of the fit.
[400.1. Table 3 . Smax(a) and Smin(a) are the upper and lower bounds computed from eqs. (16) resp. (17) and eq. (18) for specific internal surfaces as functions of resolution a. S mf (a) is the mean field estimate computed from eqs. (18)- (23). S measured (a) is calculated by applying the direct algorithm from [30] to thresholded cubic subsamples, and averaging the results as described in the last paragraph of the main text. b denote the radius of the circle forming the base, let h denote the height of the cap, and let R be the radius of the sphere from which the cap is cut.
and
is the volume of the spherical cap. 
selects the solution with m = 2. [400.2.0.10] The area of the circle at the base of the spherical cap is A = πb 2 so that
is the relation between the circular base area and the volume fraction of a spherical cap cut from a sphere of radius R. 
for the specific internal surface inside a voxel with resolution a having grey value g under the assumption that the voxel is cut by a single flat plane.
[401.1. (g, a) = 0 for g ≤ 9 and g ≥ 206, while
holds for 10 ≤ g ≤ 205.
[401.1.1.6] Upper and lower bounds for the specific surface are obtained from these results by summation as
where b=min resp. b=max. 
and the area of the triangle is 
computed from eqs. (19) and (20) [401.2.0.8] The second line in Table 3 is then obtained by inserting eq.(23) into eq. (18) with b=mf.
[401.2.1.1] The last line in Table 3 gives the specific internal surface S measured (a) calculated directly using the algorithm from [30] [29] . [401.2.1.4] For a = 8a 0 , 4a 0 , 2a 0 all blocks were included into the average, for a = a 0 half of the blocks, and for a = a 0 /2 ten percent randomly chosen blocks were averaged in the measurement. [401.2.1.5] The calculation of S measured (a) took approximately 1100 hours CPU time (without segmentation), while the mean field estimate S mf (a) can be obtained (e.g. within Matlab) directly from the histogram M (g, a) at virtually no computational cost.
